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ABSTRACT 
Dental caries is the most common oral disease worldwide.  Caries is primarily caused by bacteria 
that colonize the mouth and breaks down sugars to produce an acid that de-mineralizes the surface of 
teeth.  The resulting hole is called a carious lesion, and is the symptom used to diagnose this disease.  
Untreated caries provides an opportunity for other bacteria to infect the inner structure of the tooth, and 
potentially, get into the bloodstream.  Caries is a multi-factorial disease that is affected by many host and 
environmental factors such as: diet, access to dental care, saliva composition, immune response, air 
quality, availability of fluoride, and genes.   
Caries can be an expensive disease to treat.  Since many people in the United States of America 
do not have dental insurance and public resources in this area are scares, most of this cost comes directly 
from the consumer.   The effects of untreated caries, particularly in children, can be severe.  Tooth pain 
can lead to reduced food intake and loss of sleep.  This can lead to poor nutrition and poor performance in 
school, stunting the child’s physical and mental development.  Teeth extracted due to caries can impair a 
child’s ability to speak, as well as impact their sense of self-worth.   
A focus on preventing caries will not only prevent these extreme outcomes, it will also help prevent 
more serious chronic conditions.  Poor diet and malnutrition contribute to severe caries as well as heart 
disease, obesity, and diabetes.  Preventing caries is of public health importance because it can have 
severe short and long term outcomes, it is a financial burden on healthcare consumers, and it is easily 
preventable.  Genetic testing can play a role in preventing caries.  If people know they have a higher 
susceptibility to caries they can try to mitigate their increased susceptibility by changing their diet or 
brushing more.  If they know that they do not have a higher susceptibility, they may focus on other areas 
of their health.     
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1.0 INTRODUCTION 
 
 
 
Dental caries, commonly referred to as “dental cavities” in the US, is one of the most common 
sequela in the world, affecting 60% to 90% of children worldwide (1).  Caries occurs when bacteria 
endogenous to the mouth break down sugars in the food we eat and produce an acid that de-mineralizes 
the surface of teeth, the enamel, producing small holes.  If caries is not treated, bacteria can invade the 
inner structure of the tooth, the dentin, and cause an infection that can spread throughout the skull.  In rare 
cases, these kinds of infections can cause death (2).  Caries is a multi-factorial disease that is affected by 
many host and environmental factors.  For instance, the morphology of the tooth will influence how 
easily it is colonized by bacteria.  The amount of bacteria in the mouth is a result of diet, immune 
response, and saliva composition.  Importantly, genes play a role in all of this (3).  Non genetic factors, 
such as oral hygiene and access to dental care, will also be addressed in this essay.     
The role of genetics in development of caries is well established.  Over thirty years of studying 
monozygotic and dizygotic twins reared apart and together has shown that at least 40% of the risk for 
caries is genetic (4). The specific genes involved remain unclear.  In the past 10 years more research has 
been done, by the Veira lab and others, into the contribution of genes involved in enamel formation to 
caries.  Genes involved in tooth morphology and immune response are also promising areas of research 
(3).          
Within this essay I will describe the various factors that influence an individual’s response to 
caries.  Typically, to simplify these kinds of discussions, caries is examined as an intersection of 3 factors: 
host, diet, and bacteria.  These factors exist within the context of other factors beyond the direct control of 
the individual, like water quality and access to dental care, which for the sake of this essay will represent 
the “environment.”  I will also describe several projects I have participated in as manager of the Vieira 
Lab in the School of Dental Medicine at the University of Pittsburgh.  Based on the data gathered from 
those projects and the available information on caries progression, I propose a public health intervention 
to reduce the prevalence of dental caries.   
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1.1 HOST-RELATED FACTORS 
 
 
1.1.1 Dental Enamel 
 
Several decades ago, individuals who never seemed to get cavities were said to have “strong 
teeth”, whereas individuals who were often afflicted with caries were said to have “soft teeth”.  After the 
proliferation of fluoride toothpaste, this concept was abandoned in favor of judgments about 
hygiene.  More recently, however, researchers have proposed that dental enamel strength may be one of 
the potential explanations for differences in caries susceptibility among individuals.  One example is the 
genetic disorder Amelogenesis Imperfecta, a condition associated with pitting and thinning of the enamel, 
and subsequently, with a higher caries experience.  This condition is caused by defects in the amelogenin 
and enamelin genes.  Much of my early work in the lab of Dr. Vieira in the School of Dental Medicine at 
the University of Pittsburgh has focused on genes involved in enamel formation:  amelogenin, 
ameloblastin, enamelin, tuftelin 1, and tuftelin interacting protein 11.  All of these genes play different 
roles in the development and organization of the cells that become teeth.  
Amelogenin (AMELX) is involved in the formation of the enamel surface and makes up 90% of 
the enamel matrix in humans.  Enamelin (ENAM) is the next most common protein.  Mutations in either 
of these genes can lead to enamel defects, called hypoplasias, that can make the enamel surface easier for 
bacteria to colonize (5). Ameloblastin (AMBN) is also present in the enamel matrix, but its role is more 
about stabilizing the crystalline structure of the enamel matrix and repairing early damage (6).  Tuftelin 1 
(TUFT1) is found in developing and mature enamel tissue, specifically at the junction between the enamel 
and the dentin of the tooth.  It seems to be expressed very early in stages of mineralization, and may be 
involved in the differentiation of the two areas of the tooth (7).  It also may play a role in nuclear cell 
signaling, as does tuftelin interacting protein 11 (TFIP11) (8).  
 
 
1.1.2 Tooth Morphology 
 
Investigating genes involved in enamel formation is a relatively recent occurrence (e.g., Deeley et 
al., 2008).  Dental genetics has traditionally focused on genes affecting tooth morphology and position in 
the mouth (3).  There are 4 main signaling pathways that affect the position teeth and general tooth 
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development:  bone morphogenetic protein (BMP), fibroblast growth factor (FGF), sonic hedge hog 
(SHH), and wingless-type MMTV integration site (WNT).  Products of the genes in this pathway have an 
impact on the enamel formation genes already mentioned.  Alterations to the genes in these pathways are 
known to have a variety of effects, such as complete tooth loss, or the development of extra teeth (9).    
These developmental genes control when teeth emerge from the gums into the oral cavity and have an 
impact on genetic susceptibility to caries because teeth that erupt first have more exposure to factors in 
the oral environment that cause caries (10).   
 
 
1.1.3 Saliva 
 
One of the factors in the oral environment, saliva, does many things to help control caries.  The 
amount and nature of saliva in the mouth is determined on a genetic level by a group of genes called 
aquaporins (11).  Saliva helps create a neutral environment with a cycling carbonic acid/bicarbonate 
system.  It allows for ion exchange during re-mineralization by providing phosphate and calcium to the 
teeth in a neutral pH for optimal reabsorption, a process helped by fluoride (12).  It also helps to clean the 
oral cavity by diluting and washing away any acid produced by the fermentation of sugars by cariogenic 
bacteria.  Saliva also raises the overall pH to a point where these bacteria cannot survive.  The physical 
characteristics of saliva are also important.  Having a low saliva flow rate or thick saliva means that that it 
does not cover all the teeth, it does not dilute anything, and in general, it is less effective in preventing 
caries.   
 
 
1.1.4 Immunology 
 
In general, individuals with immune deficiencies have a higher incidence of caries (3). Many 
studies have been done looking at the relationship between HLA types and caries. For example, there is a 
clear association between HLA-DR and enamel defects (13) and Streptoccocus mutans antigens bind 
more strongly to certain HLA-DR types than others (14). Both of these observations are consistent with 
the possibility that HLA type influences caries susceptibility.  However, there is no direct association 
between caries experience and HLA type (3). Another way the body responds to S. mutans infections on 
teeth is through the release of immunoglobulin A (IgA) (15).  Higher levels of IgA have been noted in 
patients with low caries experience.  In addition to creating antibodies, the body also produces anti-
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microbial, like alpha and beta defensin (16) and lactotransferrin.  Lactotransferrin in particular has been 
shown to destroy S. mutans in vitro (17).  The amount of microbial or antibodies produced may be 
dependent on genetic expression, though more research in this area is needed. 
 
 
1.1.5 Hygiene 
 
Basic dental hygiene is considered by dentists to be: brushing ones teeth twice a day with fluoride 
toothpaste with an intact brush and flossing at least once a day with dental floss (18, 19).  Though this 
may seem like common knowledge, a 2008 survey by the American Dental Association  (ADA) showed 
that “1 in 5 Americans admits to not brushing twice a day”  and 43% of people surveyed did not know 
when to replace their toothbrushes (20).  Despite the proven benefits of fluoride some people choose to 
use more environmentally friendly alternatives, like sodium bicarbonate (baking soda) based mixes 
(21).    Fluoride is effective because it inhibits de-mineralization while promoting re-mineralization, 
allowing for a more efficient response to caries inducing challenges (22).  Sodium bicarbonate physically 
removes plaque and raises the pH of the oral environment, discouraging the growth of acid producing 
bacteria and facilitating re-mineralization (23).  While oral rinses with a sodium bicarbonate solution has 
been recommended, the ADA does not officially advocate using just sodium bicarbonate to brush one’s 
teeth.       
 
 
1.1.6 Gender 
 
 
Gender also appears to have an impact on caries susceptibility because women, on average, have 
more caries then men (24).  There are many possible explanations for this difference.  First of all, the X 
chromosome carries the amelogenin gene that is critical in the development of enamel.  There is a version 
of amelogenin on the Y chromosome, but it does not function the same.  For example, mutations in X-
linked amelogenin have a more severe phenotype than mutations in the Y-linked version.  Also, women 
have lower rates of salivary flow, lessening the mechanical and chemical benefits of saliva on the 
teeth.  The saliva in women’s mouths also has less immunoglobulin A (IgA), which has been shown to be 
protective against caries (25).  Lastly, permanent teeth erupt earlier in women, leaving their teeth exposed 
to cariogenic agents in the oral cavity longer than those of men (10).    
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Hormones are also thought to play a role in the differential caries susceptibility between genders 
because women typically experience more caries during pregnancy (24).  Animal studies have shown that 
an increase in estrogen in rats influences the thyroid gland and inhibits salivary flow, leading to more 
caries, whereas an increase in androgens has no effect (24).  People with conditions that cause reduced 
salivary flow, such as hyperthyroidism, have been observed to have an increased amount of caries (24).  
 
 
 
1.2 DIET 
 
 
Ingestion of sugary foods contributes to caries development because monosaccharides, 
disaccharides, and polysaccharides are broken down into simple sugars that feed the bacteria that 
contribute to caries. Complex carbohydrates, such as:  fiber, polyol-monosaccahrides, polyol-
disaccharides, and polyol-polysaccharides are not broken down as easily and do not influence caries 
progression (26). However, a diet high in carbohydrates may contribute to obesity, which is then 
associated with caries and tooth loss (27).  This relationship between caries and obesity may simply be a 
correlation, in other words, a poor diet may lead to obesity as well as caries.  Alternatively, there may be a 
causal relationship; that is, obesity may depress the immune system and thus increase the risk of 
developing more caries (28). 
  
 
 
 
1.3 BACTERIA 
 
 
Within the mouth many species of bacteria contribute to the development of caries.  After 
brushing, various Streptococci species (collectively called mutans streptococci) begin to replicate and 
colonize teeth (29).  They form the foundation for the plaque that grows on the enamel surface.  As more 
food is ingested, acid-producing bacteria, such as Streptococcus mutans and Streptococcus sobrinus, 
begin to thrive and colonize the plaque.  The longer the bacteria remain on the plaque, the more they grow 
and the more lactic acid they produce via the breakdown of sugars (29).  This acid then attacks the 
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enamel, making a small hole that allows the acid to reach the inner dentin.  At this point, a second group 
of bacteria, the Lactobacillus family, will divide and digest the dentin in the inner tooth.  If the cavity is 
not repaired, the infection can spread through the roots and into the blood stream (29).   
Most discussions of bacterial involvement with caries focus on S. mutans.  However, S. mutans is 
not the only bacteria responsible for the breakdown of enamel (29).  While it is more acid tolerant than its 
neighbors, other species of mutans streptococci have been observed to de-mineralize enamel, and the 
presence of S. mutans in not always directly connected to caries.  How these different species interact is 
more important than how they function separately.  For example, when there is one deep carious infection 
caused by Lactobacillus species, new lesions do not often form.  This is because some Lactobacillus 
species, L. rhamnosous and L. reuteri, inhibit the growth of S. mutans (29).   
People are not born with S. mutans; babies usually acquire these bacteria within the first or 
second year of life (30).  In the majority of cases, babies acquire the bacteria via vertical transmission 
from their mother.  Sometimes it is horizontal transmission from siblings.  This process has an impact on 
overall oral health, because children who acquire the bacteria earlier have more caries than children who 
acquire it later (30).  Some of the behaviors that spread the bacteria are innocuous habits of motherhood:  
blowing over hot food, testing food before giving it to a child, and kissing.  Interestingly, vertical 
transmission is higher from mothers to daughters than from mothers to sons (30).           
 
 
 
 
1.4 ENVIRONMENT 
 
 
1.4.1 Water fluoridation  
 
Before the advent of fluoridated toothpaste, water fluoridation greatly reduced the number of 
caries in the populations of western countries.  By some reports, it continues to reduce the gap between 
health disparities within different socio-economic groups (31).  Most of the fluoride we ingest is absorbed 
into our bodies and approximately one-half of that is incorporated into bones.  As permanent teeth are 
developing, fluoride is incorporated into the enamel matrix, hardening the enamel that later develops (32). 
Tooth enamel may be malformed from too much fluoride being absorbed into developing teeth, causing a 
condition called fluorosis.  It is rare, being primarily caused by poor nutrition or children habitually 
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swallowing toothpaste (31).  The effects are mostly aesthetic, although severe forms result in pitting of 
the enamel with dark brown staining (32).  While fluoride plays an important role in the developing tooth, 
its benefit is lost if the fully formed tooth is not exposed to fluoride continually throughout the 
individual’s life (32).  Fluoride also interferes with the ability of mutans streptococci to produce acid.   
 
 
1.4.2 Air quality and Asthma 
 
Although reports may vary, the consensus is that children with asthma have more caries 
experience than children who do not have asthma (33).  Our lab has investigated a possible genetic link 
between the two conditions and found a very strong association with the ameloblastin gene (p=2.525e-
007).  This effect is likely due to the medications asthmatics take.  These medications typically cause 
xerostomia, or dry mouth, which removes the protective effect of saliva.  In addition, the constant drying 
out of the front teeth and gums observed with mouth breathing has been associated with increased 
incidence of gingivitis.  Lastly, asthma medication is often acidic, and when taken in the form of an 
inhaler, can cause some dental erosion (33). 
Smoking leads to poor oral health and, in young children, second hand smoke is significantly 
associated with an increase in early childhood caries experience (34), although the exact mechanism is 
unknown. Tobacco smoke is an immunosuppressant, which may make mutans streptococci infections 
worse.  It also contains free radicals that draw vitamin C out of a person’s system, promoting the growth 
of cariogenic bacteria.  Children of smokers have higher rates of asthma and respiratory infection, that 
subsequently may lead to children breathing through their mouths, a possible risk factor for dental caries, 
as noted previously (34).     
 
 
1.4.3 Access to care 
 
Dental care varies greatly from person to person and place to place.  In 2009, only 38.6% of the 
general U.S. population had seen a general practice dentist during the course of the year (35).  This low 
rate is primarily due to two factors: a societal belief that general dental checkups are not important and a 
lack of effective dental insurance.  More than one-third of Americans have no dental insurance, private or 
public, and many private policies are ineffective due to high co-pays (36).  Most state Medicaid programs 
do not offer basic dental care to adults, and only 38% of CHIP (children’s health insurance program)-
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covered children see a dentist annually.  Among the many barriers to obtaining health care with public 
assistance, the largest is finding dentists who will accept Medicaid/CHIP (37).  In order to save money, 
many states cut back the reimbursements for dental care, to the point where the reimbursements do not 
cover the basic costs of performing the dental procedure (35).  For this reason, many dentists are 
unwilling to accept patients covered by Medicaid or CHIP.     
1.5 PUBLIC HEALTH RELEVANCE 
With dental care, the focus is more on treating the symptoms of the illness instead of preventing 
it.  This ends up being a costly decision, as 5 to 10% of public health funding in industrialized nations is 
spent on dental care.  This makes oral diseases the 4
th
 most expensive illness to treat in these countries 
(38).  In addition to cost saving, preventative care would have an impact on individual health beyond 
improved oral health.  Many of the risk factors for dental caries: poor diet, malnutrition, tobacco and 
alcohol use, are the same for other chronic disease: cardiovascular disease, diabetes, cancer, chronic 
obstructive pulmonary disease.  Early intervention against these risk factors could help prevent the 
severity of these diseases later in life (38).   
Caries and tooth loss also have an impact on a person’s quality of life.  In addition to contributing 
to low self-esteem and depression, severe caries can lead to persistent pain, trouble chewing, and 
problems with speech (38).  A recent study in the United Kingdom found that 96% of 5 years-old had 
untreated caries.  This was related to failure to thrive symptoms that were reversed after the caries was 
treated (39).  Untreated caries can also contribute to loss of sleep due to pain, reduced food intake, more 
missed school, and a higher risk of hospitalization (39).  These effects are seen more in poor and 
disadvantaged groups worldwide than in their more affluent counterparts (38).  Women in developing 
countries, where they have less access to health care, are more affected by oral health problems, as are 
children, who are more susceptible to caries (38).   
9 
2.1 ENAMEL FORMATION GENES 
As stated earlier, the focus of the Viera lab is to investigate the role of enamel formation genes in 
caries.  A standard measure of caries experience is to count the number of decayed, missing due to caries, 
or filled due to caries, teeth that a person has.  The sum of which is called DMFT (decayed, missing, 
filled, teeth).  DMFT (or dmft when referring to children’s teeth) will be used in this essay as a surrogate 
for caries experience. 
2.1.1 Case Control Studies 
To look at the impact of these enamel formation genes on caries we designed a case control study 
using available populations.  The reasoning was that because DMFT varies widely among individuals (for 
the many reasons noted previously), the best chance of detecting the genetic impact was to look at people 
with extreme DMFTs.  That is, the study comprised people in the same location, with the same access to 
fluoridated water and healthcare, with a similar diet, except one group has not had any caries while the 
other has had a lot.  Our hypothesis was that there would be significant allelic differences in enamel 
formation genes in the low DMFT group when compared to the high DMFT group.    
The first population we studied was a group of 110 adult Guatemalans from families with a 
history of cleft lip and palate (40).  Samples from these individuals had been collected for a larger project 
in an affiliated lab at the dental school.  All individuals in this group lived in the same village, were of the 
same ethnicity, and had a similar socioeconomic level, thus mitigating the effects of several non-genetic 
factors.  The individuals were categorized by their DMFT scores into two groups: high or “cases” (DMFT 
≥ 3) and low or “controls” (DMFT ≤ 2).  Initial results showed no associations between the 
aforementioned genes and DMFT.  However, when the definition of cases was restricted to those with 
very high caries experience, DMFT >20, we saw an association (p-value= 0.002) with the rarer variant of 
X-linked amelogenin, the single nucleotide polymorphisms (SNP) hCV2190967.  
Our next study was performed on a group of 173 children from Istanbul (41).  These samples 
were collected by a visiting post-doctoral student for the purpose of testing enamel formation genes in a 
2.0 GENETICS OF CARIES RESEARCH
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child population.  In this study, cases were defined as dmft ≥ 4 and controls were children with no caries.  
Again, initial results showed no difference, but when cases were confined to children with high caries, 
dmft > 8, a significant (p=0.01) overrepresentation of the C allele of SNP rs17878486 in the amelogenin 
gene was seen. Overrepresentation of the T allele in SNP rs34538475 in the ameloblastin gene had a 
borderline association with cases with a dmft > 10 (p=0.05), and the CT genotype of SNP rs3790506 in 
tuftelin was overrepresented in cases with a dmft > 5 (p=0.05).  These results are consistent with our 
previous findings, and also suggest that the cutoff for caries affection status should be dmft  ≥ 5    
These observations raise a concern about this method of evaluating results.  The dmft/DMFT 
score of 3 or 4 that was initially considered “caries affected” in both these groups was chosen based on 
general assumptions about caries progression.  A DMFT score = 3 or 4 is not uncommon, but a higher 
score would indicate a problem with the individual or their dental care habits.  The fact that differences 
were not observed until higher dmft/DMFT scores were considered could mean that this cut off is too 
low.  There is also the possibility that no one cut off will be valid, as these samples come from different 
cultures with different access to dental care.  In the Turkish population, a case definition with dmft ≥ 4 
results in 86 cases and 90 controls, whereas when dmft ≥ 8 there were 49 cases and 127 controls.  In the 
Guatemalan population, a case DMFT ≥ 3 results in 66 cases and 44 controls, whereas a case DMFT ≥ 20 
results in 7 cases and 103 controls.    
 
 
2.1.2 Tooth Cohort 
 
Our most recent study uses a different approach.  In addition to DNA from our standard 
population sets, DNA and extracted (due to caries) tooth samples were collected from patients at the 
School of Dental Medicine at the University of Pittsburgh.  These patients are typically older and from 
low socioeconomic communities.  The carious part of the teeth were cut off, the remaining enamel 
mounted in a stand and subjected to artificial de- and re-mineralization.  The hardness of the enamel was 
measured at various points and this data was correlated to the results of DNA screening for variations in 
enamel formation genes (42).   
The DNA used in this screening came from a variety of counties.  The reason for this is twofold.  
First, the Vieira lab hosts many visiting graduate students from other countries who bring their own 
samples.  In this way, we have samples from Brazil, Turkey, the Philippines, and many other locations.  
The second reason is because allele frequency varies between different ethnic groups.  When analyzing 
genotyping results, it helps to be working in a homogenous population.  Countries like Brazil and the 
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United States have long histories of ethnic mixture, making it difficult to determine if allelic variations 
are common or not.  Populations with little mixture, like Guatemala and Turkey, have more stable 
frequencies. 
The main group in this screening is a set of samples from cleft patients and their families in the 
Philippines.  These samples came from rural, isolated areas without access to stable dental care or 
fluoridated water.  Next was the Turkish children samples already described.  There were two sample sets 
from Brazil, one from a pediatric dental clinic in Rio de Janeiro, and the other from hospitals in Curitiba, 
a capital city in a southern state of Brazil.  While both these sets are from large cities with free access to 
dental care and fluoridated water, Curitiba is in a more rural area, and the sample set contained adults as 
well as children.  The Rio de Janeiro set was exclusively children.  Finally, there was a set of samples 
from the Patagonia region of Argentina composed of cleft patients and their families.  This is also a rural 
area with access to fluoridated water and public services.                  
In total, 1,831 DNA samples from these different populations were tested and 48 teeth (from 28 
individuals) were examined.  Again, a SNP in X-linked amelogenin, rs946252 was associated with high 
caries experience (p=0.01).  SNP rs4694075 in ameloblastin was also associated with high caries 
experience (p=0.007).  However, at least one SNP in all of the enamel formation genes studied, except for 
tuftelin interacting protein 11, was associated with caries experience in at least one study population.   
 
 
Table 1: Allele p-values for SNPs in Five Study Population 
  
SNP Gene Filipino Turkish Brazilian 
(Rio de 
Janeiro) 
Brazilian 
(Curitiba) 
Argentinean 
rs946252 AMELX 0.01 0.04 0.31 0.22 0.2 
rs4970957 TUFT1 0.53 0.5 0.04 0.8 0.03 
rs4694075 AMBN 0.007 0.29 0.94 0.22 0.29 
rs12640848 ENAM 0.52 0.73 0.29 0.04 0.76 
rs5997096 TFIP11 0.76 0.61 0.24 0.61 0.78 
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The enamel hardness association results were less specific, showing an association in every gene 
studied in nearly every SNP used, as shown in the following table.   
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Table 2: Significant Enamel Hardness Results, by Tooth Surface 
 
 
SNP Gene Low 
Baseline 
Low After 
Caries 
High After 
Fluoride 
Ratio of Change 
after pH Cycling  
rs17878486 AMELX 0.03 B   0.03 B+L 
rs946252     0.03 M 
0.03 B+L 
rs3790506 TUFT1 0.03 M 
0.02 B+L 
0.02 B+L   
rs2337360   0.006 D 0.03 D  
rs4970957     0.02 O 
rs34538475 AMBN 0.04 D    
rs4694075      
rs3796704 ENAM     
rs12640848   0.02 D  0.01 O 
rs134136 TFIP11  0.006 B+L 
0.009 O 
 0.04 B+L 
0.009 O 
rs5997096      
 
M=mesial, D=distal, B+L=buccal and lingual, O=occlusal see Image below for visual explanation  
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Figure 1: Surfaces of human teeth (43) 
 
The amelogenin results are expected because it plays such a large role in enamel formation, but 
the tuftelin results are interesting.  Knowledge of the role tuftelin may play in the formation of the tooth is 
limited and the results of our study may offer clues into its exact function.  However, the teeth that were 
assessed had been removed due to caries.  Thus, there may have been underlying issues with the enamel 
on these teeth.  In addition to this, each population had its own limitations.  The two populations from 
Brazil had lower DMFTs overall than the other populations.  The Turkish population and one of the 
Brazilian populations was made up entirely of children, and we know that primary teeth respond to caries 
differently than permanent teeth (44).  The Argentinean and Filipino populations were from families 
affected by cleft lip and/or palate, though the samples for this study were unaffected individuals.  It is 
unclear if having a family history of cleft lip and palate puts one at a higher risk of caries than the general 
population.              
 
 
 
2.2 FINE MAPPING OF ASSOCIATED REGIONS 
 
 
 While the studies focusing on enamel formation genes had promising results, they did not offer 
definitive results regarding caries experience.  Even when controlling (as much as possible) for outside 
factors, no genes stood out as consistently being associated with high or low caries experience.  For this 
reason, other areas of the genome were investigated for possible genetic links to caries experience.  
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2.2.1 GWS 
 
Our lab performed one of the first genome wide scans for genes related to caries (45).  A panel of 
392 fluorescent genotype markers was used to assay 46 families consisting of 458 total individuals.  After 
performing linkage analyses to detect co-segregation between the DNA markers and caries experience (as 
measured by DMFT), significant evidence for linkage was found in five chromosomal regions:  three for 
low caries susceptibility: 5q13.3 (dominant midpoint LOD score=2.30), 14q11.2 (recessive single-point 
LOD score=2.29), and Xq27.1 (non-parametric LOD p-value=0.00005); and two for high caries 
susceptibility:13q31.1 (recessive single point LOD score=2.33 and recessive multipoint LOD score=2.20) 
and 14q24.3 (recessive single-point LOD score=2.06).   There are no enamel formation genes in any of 
these locations.  In fact, the genes and gene products found in the above mentioned regions are not known 
to be related to caries formation or tooth development (45).  This result is not unexpected because many 
factors influence the onset and progression of caries.  How these factors interact is unknown, but these 
results can be used for generating additional hypotheses. 
 
 
2.2.2 Fine Mapping  
 
Currently, our lab is fine-mapping these 5 regions by first genotyping a population with unlinked 
SNPs from each region, then determining which SNPs are associated with high or low caries experience, 
and finally investigating the genes that contain those associated SNPs (45).  The genotyping of 5q13.3 
revealed 4 markers in 4 different genes that were significantly associated with low caries experience.  
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Table 3: Summary of 5q13.3 Genotyping 
 
Name Abbreviation Marker p value 
prostate androgen-regulated transcript 1 PART1 rs27565 0.00021 
SWIM-type containing zinc finger 6 ZSWIM6 rs4700418 0.0089 
cyclin B1 CCNB1 rs875459 0.0046 
basic transcription factor 3 BTF3 rs6862039 0.0084 
 
 
 
In this analysis, the definition of caries experience varied with age: low was defined as DMFT ≤2  in 
children, ≤ 5 in teenagers, and ≤8 in adults.   
None of these genes have a known function associated with caries.  To further assess whether any 
of these genes may be involved in caries, RNA extracted from whole saliva samples was tested for the 
mRNA of these 4 genes.  RNA expression was only observed for PART1 and BTF3, and only expression 
of BTF3 was correlated with low caries experience.  This gene is involved in transcription regulation and 
cell cycle regulation (46), but how these processes may influence caries is unclear (47).   
Despite the evidence for linkage in the GWS, the 13q31.1 chromosomal region had no associated 
SNPs.  In the 14q24.3 region, the gene ESRRB showed some promising results.  ESRRB codes for a 
protein that is similar to an estrogen receptor, but does not actually interact with estrogen; its complete 
function is unknown.  In mice, it plays an important role in the proliferation of stem cells (48).  In 
humans, however, it has only been associated with non-syndromic hearing loss (49).     
Significant results were found in the next region, 14q11.2.  Four SNPs were associated with low 
caries experience in two of the four populations studied (50).  
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Table 4: p-value for 14q11.2 Genotyping 
 
 Filipino Turkish Brazilian 
(Rio de Janeiro) 
Guatemalan 
rs1997532 0.04 0.0005 not significant 0.03* 
rs1997533 0.02 0.01 not significant not significant 
rs8011979 0.01 0.001 not significant not significant 
rs7150049 0.02 0.001 0.05 not significant 
 
* this result was significant only after adjusting for sex 
 
As in the last study, the definition of low caries experience varied with age: dmft ≤2 in children, ≤5 in 
teenagers, and ≤8 in adults.  Unfortunately, all of these SNPs are in between T-cell receptor alpha 
variable (TRAV) genes and may not actually code for anything.  In general, TRAV genes help determine 
the variability of the alpha region of T-cells, that is, they influence how well T-cells respond to infection 
(50).  The associated SNPs are closest to the gene TRAV4, and RNA expression of this gene was found in 
the saliva of children and teenagers with low caries experience.  The possible nature of the involvement of 
TRAV4 in caries can only be hypothesized.  The theory in our lab is that TRAV4 is involved in a higher 
immune response, attacking S. mutans infections early so that cavities progress more slowly or not at all.   
While none of these regions revealed any obvious genes that influence caries development, it did 
provide further areas for investigation.  It also highlighted some of the difficulties in dealing with a multi-
factorial disease.  So many factors interact to create this disease that many genes with a variety of 
functions could be involved in its acquisition and progression.  Hypotheses generated from these results 
need to be tested and replicated in additional studies.   
 
 
 
2.3 DETECTING S. MUTANS IN SALIVA 
 
 
Due to the strong influence of S. mutans on caries, our lab was interested in developing an assay 
that would detect bacterial DNA in samples extracted from buffered saliva (51).  Many such assays exist 
for whole saliva, or for DNA extracted from whole saliva.  The assay our lab developed was based on one 
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previously performed with DNA from whole saliva (52).  The DNA our lab uses comes, primarily, from 
saliva collected in kits that buffers saliva upon collection.  The manufacturers of this kit claim that the 
buffer not only neutralizes the DNAses in the saliva, but that it also suppresses and removes the majority 
of bacteria from the saliva.  Our assumption was that the buffer included in the saliva samples we worked 
with would still, despite manufacturer’s claims, contain a measurable amount of bacterial DNA.  Thus, 
we created primers specific to the glucocyltransferase gene of S. mutans and ran an absolute 
quantification real time PCR reaction with our samples.  
This reaction works in the same manner as a standard PCR, primers for specific regions are 
created, they match up to those regions, replicate them, then those copies get replicated with the copy in 
the genome, causing an exponential increase in the amount of the genome region that the primer is 
designed to find.  If there is a lot of S. mutans in the sample, and as a result a lot of glucocyltransferase for 
the primers to recognize, the number of replications per cycle of PCR will sharply increase early on.  If 
there is a small amount of S. mutans DNA in the sample, it will take many cycles before a significant 
amount of replication is seen.  Unfortunately, while this reaction can tell us how many reactions are 
happening per cycle, we cannot accurately measure the specific amount of S. mutans DNA present in the 
samples.  This reaction can tell us, in general, if someone has a lot of S. mutans or not.   Within this 
constraint, as the following table shows, significant results were only found in populations containing 
mostly children (51).   
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Table 5: Results from S. mutans Real Time Detection Assay 
 
 
 
 
 
 
 
 
 
Population N Average 
age 
DMFT/dmft 
average 
Spearman’s 
rho 
T 
statistic 
Degrees 
of 
freedom 
Two-
tailed 
p-
value 
Argentina 98 31.5 7.44 −0.0831 −0.82 96 0.41 
Guatemala 109 28 6.87 0.07244 0.7513 107 0.45 
Turkey 175 5.4 3.68 0.3328 3.23 84 0.002 
Dental 
Registry and 
DNA 
Repository 
(DRDR) 
666 42.9 15.98 0.02069 0.53 655 0.6 
Cariology 
Course 
158 43.3 3.77 0.05079 −0.6352 156 0.53 
Center for 
Oral Health 
Disparities in 
Appalachia 
(COHRA) 
44 3.3 1.64 0.4343 3.161 43 0.003 
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 This result may seem obvious, because children are more prone to caries and therefore to having 
a detectable amount of S. mutans.  It is also possible that there are carious lesions that can’t be seen by the 
naked eye, which would elevate the level of S. mutans present.  Another limitation is that this is just a 
snapshot of one moment in the S. mutans profile of the volunteer.  It tells us whether they had high or low 
caries on the day they donated.  We assume, for the purposes of research, that it represents a general 
picture of the oral biome from which to extrapolate.   
We can use this assay for other studies to categorize subjects into different groups.  For example, 
if someone has low caries and high S. mutans, we can design a study to look at other factors in their 
body/lifestyle that will impact their caries outcome.  Alternatively, using data on subjects with high caries 
but no S. mutans, we can investigate what other bacteria in their mouth are creating the acid. We can also 
assess their diet and investigate the level of proteins versus carbohydrates. 
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3.0 APPLICATION 
 
 
 
 As described previously, dental caries among the pediatric population is a serious public health 
problem.  Given my background in the genetics of dental caries, I propose a pilot public health 
intervention to assess whether parent and child’s knowledge of the child’s possible increased 
susceptibility to dental cares would affect the oral health habits of the child.   As part of this proposal, a 
genetic panel of SNPs associated with high or low caries risk will be developed.  This panel would then 
be tested with children from a pediatric clinic whose parents would be notified of the results of the test.  
The parents and child will then be questioned after hearing the results if they plan on making any lifestyle 
changes.  They will be asked the same questions at their next two regular visits (6 months, 1 year later), to 
see if they actually implemented any of these changes. 
The primary resource required for this project is a pediatric clinic with dentists and patients 
willing to participate.  I propose the pediatric clinic at the University of Pittsburgh School of Dental 
Medicine because it has been the site of other research projects in the past, so the staff is familiar with 
dealing with research protocols.  The people who attend to this clinic are typically from a lower social 
economic status and from neighborhoods near the University.  The children volunteering for this study 
should be patients between the ages of 7 and 12.  In this age range, children are beginning to get their 
permanent dentition (adult teeth).  As new teeth come in, parents will be more observant of their 
children’s oral health habits.     
Each volunteering patient will be given a standard dental exam and cleaning.  The dentist  will 
then explain to the patient and their parents what constitutes good oral health, and what they need to do to 
improve their oral health.  Half of these volunteer will then be asked to provide a saliva sample, from 
which DNA will be extracted.  All parents and children will need to provide informed consent to allow 
specific items from the child’s medical record to be accessed and for having their DNA used.  The child’s 
dmft/DMFT from their medical records will be used in this study as a measure of caries experience.  
Other medical information, such as current medications and chronic medical conditions, will also be 
noted.  Parents will be asked what they expect the outcome of the testing to be and if they plan to make 
any changes in their child’s current oral health care regime.      
The panel will be designed to evaluate many of the above mentioned genes, as well as any 
gathered from a more exhaustive literature search.  Specific SNPs in each of these genes will be on the 
panel.  A laboratory would be required to create the physical panel, extract the DNA, and run the assay.  
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SNP results will be compared to DMFT scores to see if there are any statistically significant correlations.  
Within a month of running the assay, the children and their parents will be notified of the results.  They 
will be asked again if they plan on making changes in their lifestyle.  At the next routine visit with the 
dentist for all the children in this study, 6 months after the recruiting visit, the child and the parents will 
be asked if they made any of the changes in dental health care that they previously mentioned.  The 
child’s dmft/DMFT will be noted to see if there has been any improvement or not.  This process will be 
repeated at the next 6 month visit (one year after the genetic screening was implemented) to see if there is 
any difference between the dmft/DMFTs of the children who got the genetic screening and those who 
didn’t.     
There are two goals with this project.  The first is to assess if it is possible to design a predictive 
genetic panel that could help customize oral health care.  This panel could be used by larger entities like 
Medicaid or dental insurance providers to help determine how better to spend resources on patients. For 
example, whether preventive care or restorative care would be better for a specific patient.   
The second goal is to assess whether knowledge of genetic testing results impacts individual 
choices for health care.   All the participants in this study will receive a comprehensive education about 
the causes of dental caries, what each patient can do to prevent caries, and the evidence for a genetic 
component to the disease.  Those who receive genetic profile results may or may not act any differently 
than those who did not.  Less susceptible people may reduce brushing their teeth and get more cavities; 
more susceptible may be more diligent about oral care and improve their oral health.  An individuals 
action depends on how he/she internalizes the risk.  Because the underlying message, i.e., that everyone 
still needs to brush their teeth at least twice a day, is the same for both groups, the parents of the children 
who get the test result may not react at all to the results.        
In the short term, the patients involved in this study along with their parents will have increased 
general knowledge about oral health.  Those who received the genetic screening will have knowledge 
about their susceptibility to caries.  In the medium term, patients and their parents will be reminded of 
healthy lifestyle choices they could make to improve their child’s oral health.  In the long term, this study 
could help in addressing the larger question of whether genetic testing for more common diseases (such as 
dental caries) is useful, that is, do individuals change their behaviors to mitigate risk.  The study may also 
indicate additional procedures that  would increase its effectiveness.          
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